Cervical corpectomy is a viable technique for the treatment of multilevel cervical spine pathology. Despite multiple advances in both surgical technique and implant technology, the rate of construct subsidence can range from 6% for single-level procedures to 71% for multilevel procedures. In this technical note, we describe a novel technique, the bump-stop technique, for cervical corpectomy. The technique positions the superior and inferior screw holes such that the vertebral bodies bisect them. This allows for fixation in the dense cortical bone of the endplate while providing a buttress to corpectomy cage subsidence. We then discuss a retrospective case review of 24 consecutive patients, who were treated using this approach, demonstrating a lower than previously reported cage subsidence rate.
Introduction
Cervical corpectomy is a technique available for the treatment of multilevel cervical spine pathology. By allowing direct decompression of the spinal cord from anterior pathology, correcting sagittal plane deformity, and increasing fusion rates, the utility of corpectomies has expanded since its introduction by Salcman [1, 2] . Initial reconstruction utilizing grafts (autograft and allograft) was abandoned because of high pseudoarthrosis rates and graft complications ranging from collapse to extrusion [3] [4] [5] . As such, the technical performance of the reconstruction has developed over the years to include fixed anterior plating, titanium mesh cages, and now expandable titanium cages.
Despite advances in reconstructive technique, this procedure continues to have a high complication profile, particularly relating to construct subsidence and failure, ranging from 6% to 9% for single-level procedures to as high as 71% for three-level procedures [6] . Numerous authors have sought to investigate the mechanisms of construct subsidence/failure to identify the risk factors for early failures, and provide strategies to intervene, and thereby minimize, the complication profile [7] [8] [9] . Daubs [6] identified the cage height as an important variable in early failure rates when reconstructed with the use of titanium mesh cages, with taller cages increasing the failure rate. Hasegawa et al. [10] found that by increasing the diameter of the cage and surface area in contact with the end plate, significant improvement in the interface strength between the cage and vertebra can be achieved.
In this study, we introduce a novel technique for screw fixation of fixed anterior cervical plating following corpectomy and placement of an expandable titanium cage to reduce cage subsidence. We then report the clinical outcomes in 24 consecutive patients treated with this technique.
Technical Notes
Corpectomy was performed according to the surgeon's preferred technique. Once the corpectomy was completed and the vertebral body removed, the excised bone was placed into a bone mill for use as local bone graft. An expandable titanium interbody cage was then placed and expanded to restore the vertebral height. We used the lateral radiograph during cage expansion to monitor the facet joint height to prevent over-distraction (Fig. 1) .
Once the desired height was established, local bone graft was then packed around the cage and a fixed angle anterior plate was used to secure the construct. The plate was sized such that the superior and inferior screw holes were bisected by the adjacent vertebral bodies (Fig. 2) . An awl was then placed through the screw hole, aiming at an angle away from the corpectomy, followed by placement of an appropriately sized screw. This construct allows screw fixation into the dense bone of the endplate while simultaneously acting as a bump-stop to prevent subsidence of the cage (Fig. 3) .
Following surgery, patients were admitted for observation and pain control. We did not use cervical collars postoperatively, given the inherent stability of the instrumented constructs. Patients were discharged home and were examined during the follow-up at 2 weeks, 6 weeks, 3 months, 6 months, and 1 year, and annually if needed. Radiographs were obtained at 6 weeks, 3 months, and 6 months, and then at annual appointments as needed and assessed as indicated above.
A retrospective review of consecutive patients undergoing anterior cervical corpectomy utilizing the above technique with an expandable titanium cage, local bone graft, and fixed anterior cervical plate between January 2009 and December 2014 was performed. Procedures were performed by one of two fellowship-trained orthopedic spine surgeons. Inclusion criteria included patients treated with cervical corpectomy utilizing the described technique with a minimum of 20 months of clinical follow-up. Patients were excluded from participation if they had less than 20 months of clinical follow-up or underwent concomitant posterior cervical fusion.
Demographic and radiographic data of identified patients were recorded. Subsidence was calculated according to the method described by Lee and Sung [1] . Patients were determined to have instability or subsidence if they were found to have a greater than 10% change in either the sagittal alignment or in the settling ratio. Construct failure was defined as broken hardware or subsidence requiring revision surgery. Complications including postoperative infections, hardware complications, subsidence, and adjacent segment disease were recorded. Complications requiring revision surgery were recorded as major complications. Thirty-one patients were identified as having undergone cervical corpectomy using the "bump-stop" technique during the specified period. Following chart review, four patients were excluded because of concomitant posterior cervical fusion and two were excluded because of inadequate follow-up, leaving a total of 24 patients for review. There were 21 males and three females with an average age of 43 years.
Procedures performed, including cervical levels, number of corpectomies performed, and any concomitant procedures are summarized in Table 1 . Fourteen cases involved a single-level corpectomy, whereas 10 involved two levels. There were no cases of isolated three-level anterior corpectomy. Among these cases, 34% were performed on C5 and C6, with isolated C6 corpectomy being the most common procedure performed. Fifty-eight percent of these cases underwent corpectomy for the treatment of spondylotic myelopathy, with 37% involving fixed kyphosis that was not correctable with extension radiographs, and 20% having a retrovertebral disc herniation.
Radiographic review showed that none of the patients treated with the bump-stop technique developed construct subsidence that required revision fusion (Fig. 4) . One patient demonstrated adjacent segment disease requiring adjacent-level anterior cervical discectomy and fusion one year postoperatively. Assessing the settling percentage calculation for subsidence, patients demonstrated an average of 3.2% change. Five patients demonstrated a settling percentage >5%, with two (8.3%) demonstrating a settling percentage >10% classified as clinically significant. Neither of these patients with a settling percentage >10% required revision surgery.
Discussion
The complication profile of cervical corpectomy has ranged widely in the literature, from 7% to 75% [6, 11, 12] . Many of these variations have been attributed to surgical approach or instrumentation [11] , but techniques have since been refined to produce an effective technique for direct anterior decompression and deformity correction [11] [12] [13] . Despite these refinements, construct failure re- mains a topic of concern, given its potential catastrophic nature, potential for secondary spinal cord compression, and need for further surgery. Information regarding the recognition of and efforts to minimize construct subsidence are abundant in the literature. Our technique demonstrates a mean settling of 3.2%, with a rate of clinically significant subsidence at 8%, with no patient requiring revision posterior cervical fusion. The subsidence rate is non-inferior to previous investigations [12, 14, 15] , with the mean settling less than that reported by Narotam et al. [16] at 4.35% at 1 year of followup ( Table 2) .
The proposed mechanism of subsidence is known as the pistoning theory [1] that suggests that the graft or cage cavitates into the caudal vertebral endplate. This is well-supported by the higher rate of subsidence caudal to the spanning cage [12] . Tye et al. [17] retrospectively reviewed 70 patients who underwent anterior cervical fusion. In their cohort, they found significant association between construct subsidence and plate length, with longer plates favoring greater subsidence. Their recommendation was to ensure the placement of screws adjacent to the interbody graft/hardware to minimize subsidence. Despite these findings, it is important to understand that subsidence has not been shown to be associated with clinical outcomes, rather improvement of cervical lordosis has been shown to be the main determinant of clinical outcomes [18] .
Extrapolating from these findings, we developed the bump-stop technique for cervical corpectomy to ensure the minimization of plate length, while strategically placing our screws to serve as a stop to further minimize the Table 2 . Subsidence rate comparison between the current study and historical studies, based on stated subsidence rate or settling ratio greater than or equal to 10% in the study with a minimum of 1-yea follow-up
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potential for hardware subsidence. Incorporating this technique with the use of an expandable titanium cage further improves the construct strength by maximizing the surface area in contact with the adjacent endplates, as shown in previous investigations [10] . Although, screw angulation has been shown in an allograft finite element analysis to increase shear stresses at the bone screw interface [19] , we feel these results are not directly applicable to this construct given the biomechanical differences in the interbody device, load-sharing expandable titanium cage versus allograft strut graft. There is no biomechanical data to support our hypotheses regarding the biomechanical strength of this construct. However, previous investigations have shown that metallic implants exhibit greater resistance to axial loading when compared with osseous grafts [20] . These results must be interpreted with caution given the limitations of this study. The retrospective nature of this study and the lack of appropriate controls limit our ability to make direct observations and show that this is a superior technique for corpectomy instrumentation, than what is currently described. Despite this, our results are comparable to those reported by previous studies (Table 2 ). In addition, the instrumentation utilized in this technique may not be available to all surgeons.
Our results indicate that the bump-stop technique is an effective approach for instrumenting the cervical spine following one-and two-level corpectomy with a significantly lower rate of subsidence after two years of followup. Further prospective and biomechanical research is needed to examine the clinical and biomechanical benefits of this technique.
